The relationship between late gadolinium enhancement
imaging and myocardial biopsy in the evaluation of
chronic heart failure patients with suspected myocarditis
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Abstract

Aim: The aim of this study was to assess the relationship be-
tween late gadolinium-enhanced (LGE) cardiovascular mag-
netic resonance (CMR) and immunohistochemical markers of
inflammation in patients with heart failure and a reduced ejec-
tion fraction (HFrEF).

Material and methods: Endomyocardial biopsy and CMR were
performed in 38 consecutive patients (24 males, average age
43.2 + 6.9 years, New York Heart Association [NYHA] class 1)
with HFrEF and suspected myocarditis. The immunohisto-
chemical evaluation was done by the En-Vision system using
DAKO monoclonal antibodies. The presence of > 14 infiltrating
cells together with myocardial damage and > 2 + up-regula-
tion of HLA class Il was considered diagnostic for myocarditis.
The results of LGE were compared with the immunohisto-
chemical markers of inflammation. All patients underwent
coronary angiography.

Results: Twelve out of 38 (31.6%) patients met the immunohis-
tological criteria for the diagnosis of myocarditis. Late gado-
linium enhancement was present in 23 of 38 (60.5%) patients,
mostly at the interventricular septum. No correlation was
found between LGE and immunohistochemistry results (Ken-
dall's tau; r = 0.21, p = 0.09).

Conclusions: Our study revealed no significant relationship
between LGE cardiovascular magnetic resonance imaging and
immunohistochemical markers of inflammation in patients
with HFrEF.

Key words: immunohistochemistry, cardiac magnetic reso-
nance, myocarditis, chronic heart failure.

Streszczenie

Cel: Okreslenie zwigzku miedzy p6znym wzmocnieniem po-
kontrastowym (late gadolinium-enhanced — LGE) w badaniu
rezonansu magnetycznego serca (cardiovascular magnetic
resonance — CMR) a immunohistochemicznymi wskaznikami
zapalnymi ocenianymi w wycinkach mieénia sercowego pobra-
nych podczas biopsji endomiokardialnej od chorych z przewle-
kta niewydolnoscia serca i obnizong frakcja wyrzutowa lewej
komory (heart failure and a reduced ejection fraction — HFrEF).
Materiat i metody: Badaniem objeto 38 kolejnych chorych
z HFrEF [24 mezczyzn, Sredni wiek 43,2 + 6,9 roku, w Il klasie
wg New York Heart Association (NYHA)] i podejrzeniem zapa-
lenia miesnia sercowego, u ktérych wykonano biopsje endo-
miokardialng i CMR. Immunohistochemiczng ocene wycinkéw
miesnia sercowego przeprowadzono z zastosowaniem metody
En-Vision z uzyciem przeciwciat monoklonalnych i poréwnano
je z obecnoscig LGE w badaniu CMR. Za kryterium procesu za-
palnego w miesniu sercowym przyjeto obecnos¢ > 14 zapal-
nych komérek z uszkodzeniem miocytéw i wzrost ekspresji
antygenow HLA klasy Il > 2+.

Wyniki: Immunohistologiczne kryteria zapalenia miesnia ser-
cowego zostaty spetnione u 12 z 38 (31,6%) chorych. Obecnos¢
LGE z najczestsza lokalizacja w okolicy przegrody miedzyko-
morowej wykazano u 23 z 38 (60,5%) chorych. W analizie
statystycznej nie stwierdzono istotnej korelacji pomiedzy LGE
a immunohistochemicznymi wskaznikami reakcji zapalnej
(Kendall’s tau; r = 0,21, p = 0,09).

Whioski: Badanie nie wykazato zwigzku pomiedzy obecnoscia
LGE w CMR a ocenianymi immunohistochemicznie wskaznika-
mi zapalnymi u chorych z HErEF.

Stowa kluczowe: immunohistochemia, rezonans magnetyczny
serca, zapalenie miesnia sercowego, przewlekta niewydolnos¢
serca.
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Introduction

Numerous clinical and experimental data suggest that,
irrespective of etiology, chronic low-grade inflammation
may be responsible for the initiation and progression of
heart failure (HF) [1-5]. Myocarditis refers to the immune
response of the myocardium, and the diagnosis represents
an enormous clinical challenge not only because of the di-
verse presentation but also due to limited sensitivity of en-
domyocardial biopsy. Histologic features of myocarditis in
patients with HF are hampered by the focal nature of the
disease and include immunological parameters of humoral
and cellular autoreactivity [6]. Unlike histological features
of myocarditis, which tend to be focal, immunohistological
signs of inflammation are distributed throughout the entire
myocardium [7]. Immunohistochemistry has a higher sensi-
tivity compared to standard histopathology for the diagno-
sis of myocarditis, but the current literature regarding the
relationship between the histology and cardiovascular mag-
netic resonance (CMR) imaging criteria is still scarce [8-12].

Non-invasive CMR was successfully introduced as
a promising technique for the diagnosis of myocarditis
[13, 14]. Recent studies have demonstrated that late gado-
linium enhancement (LGE) specifically reflects irreversible
myocardial injury (i.e. necrosis and fibrosis) [15-17]. How-
ever, the incidence of LGE in myocarditis is still controver-
sial, and this method does not distinguish between acute
and chronic inflammation [13, 17-19]. De Cobelli et al. using
the Dallas criteria found LGE to be less sensitive in “border-
line” than “active” myocarditis [20]. Lurz et al. demonstrat-
ed CMR in patients with suspected chronic myocarditis not
sufficient to guide clinical management [8].

The aim of this study was to assess the relationship be-
tween LGE and immunohistochemically detected markers
of inflammation in patients with chronic heart failure and
a reduced ejection fraction (HFrEF).

Material and methods

We studied 38 consecutive patients with stable HFrEF
and high probability of myocarditis (24 males). The suspi-
cion of myocarditis was based on variable combination of
the following criteria: history of systemic viral disease or
flu-like symptoms within 12 weeks before admission, clini-
cal manifestation of heart failure (dyspnea, shortness of
breath, exercise intolerance) and evidence of myocardial
injury as defined by electrocardiography abnormalities (ST-
segment changes, conduction defects, arrhythmias) in con-
junction with left ventricular dysfunction and no evidence
of coronary artery disease or spasm during selective angi-
ography and normal troponin T and creatine kinase muscle-
brain (CK-MB) fraction levels during index hospitalization.

The New York Heart Association (NYHA) class was used
to assess functional capacity. All of our patients were on
optimal medical therapy for HFrEF including an angioten-
sin-converting-enzyme inhibitor (captopril 50-75 mg/d),
B-adrenoreceptor antagonists (metoprolol succinate, 50 to
100 mg/d), spironolactone (50-100 mg/d), and furosemide
(40-80 mg/d).
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Transthoracic echocardiography with a 2.5 MHz trans-
ducer (M-mode, 2D and standard Doppler echocardiography)
was performed using a GE VIVID9 system. Left ventricular
systolic function and left ventricular ejection fraction (LVEF)
were calculated and interpreted by an experienced operator.

Cardiovascular magnetic resonance was performed
with a 1.5 T scanner (Avanto; Siemens, Erlangen, Germany)
using a multi-channel body-array coil as a receiver. Cine MR
images were obtained in LV long-axis views, and a stack
of images in the short-axis plane covering both ventricles
was acquired. Ten minutes after the injection of a contrast
agent (gadobenate dimeglumine, 0.1 mmol/kg) LGE images
were acquired in the same views as for cine images, us-
ing a segmented inversion recovery turbo fast-low angle
shot sequence. Image analysis was performed by an expe-
rienced operator blinded to endomyocardial biopsy results.

Endomyocardial biopsy was performed using a Cordis
bioptome under fluoroscopic guidance. A minimum of five
samples were taken from the right side of the ventricular
septum. For immunohistochemistry, specimens (at least
2 biopsies) were fixed for 20 min in acetone at room tem-
perature, immersed in embedding medium (OCT Com-
pound, Miles Inc), and stored in liquid nitrogen until tested.
Frozen sections (5 mm thick) were incubated with mu-
rine monoclonal antihuman antibodies: anti-HLA-class I
(DR antigens), a chain (clone TAL1BS5), anti-HLA-class |
(ABC antigens), anti-CD3 for T lymphocytes (clone T3-4B5),
and anti-macrophages (clone EBM11). The dilution of the
primary antibody was verified in our laboratory in a series
of pilot experiments. The En-Vision method (DAKO En-
Vision Kit/Alkaline Phosphatase detection system) was
used according to the manufacturer’s instructions. The
bound primary antibody was detected using New Fuch-
sin Substrate System (DAKO A/S). The primary antibody
was omitted from negative control slides. As a positive
control, liver biopsy specimens from patients with chronic
active hepatitis were used. The semiquantitative scoring
system was defined as follows: 0-1+, lack of or weak fo-
cal staining, 2+, moderate, multifocal staining, and 3+,
severe multifocal staining. The cells positive for CD3 and
CD68 were counted (NIKON Eclipse 80i microscope with
DS-Fil digital camera and NIS Elements software from
NIKON) and presented as the number of cells per mm?2,
The intra-observer variability of immunohistochemistry
examination was < 2%. For the diagnosis of myocardial
inflammation we used previously published criteria [15].
The presence of more than 14 infiltrating cells with dam-
age to the adjacent myocytes and > 2+ up-regulation of
HLA class Il was considered diagnostic for myocarditis.
The immunohistochemistry was done by an experienced
pathologist blinded to the clinical data.

The results of LGE cardiovascular magnetic resonance
were compared with quantitative immunohistochemistry
data.

The study protocol was approved by the local institu-
tional Ethics Committee, and the patients gave their writ-
ten informed consent.
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Tab. 1. Baseline patient characteristics (values are expressed as
mean * standard deviation)

Factors* n =38

Age (years) 43.2+6.9
Sex (male/female) 24/14
Heart failure duration (years) 1.8+12
Left ventricular ejection fraction (%) 38.5+13.9
Left ventricular diastolic dimension (mm) 66.2+11.4
Left ventricular systolic dimension (mm) 59.7+£13.8
Troponin T (ng/ml) 0.011 + 0.008
CK-MB fraction (ng/ml) 3.3+0.05

N-terminal prohormone of brain 612 (373.2-1919.5)
natriuretic peptide (NT-proBNP) (pg/ml),

median (15-3' quartile)

C-reactive protein (mg/l),
median (15-3' quartile)

*Values are expressed as mean + SD or as indicated.

2.2 (1.1-4.9)

Statistical analysis

The normally distributed data were presented as mean
with SD, but non-normally distributed data were described
with the median and interquartile range. To assess the
relationship between quantitative data, Spearman’s rank-
order coefficient rho was used. Kendall's tau rank-corre-
lation coefficient test was used to assess the relationship
between semi-quantitative data. Statistical analyses were
performed using the SPSS software package, v. 16.0.

Results

The selected demographic, echocardiographic and labo-
ratory data are displayed in Table I. The mean age within
the population was 43.2 + 6.9. For the overall group of pa-
tients, the average duration of symptoms was 2.6 years,
and all the patients were in NYHA class II.

By immunohistochemistry, moderately increased
HLA-class | molecules (2+) were present in biopsy speci-

Fig. 1. Immunohistochemical staining of HLA-DR antigens. Note the
red staining pattern by hematoxylin (blue) at 400 x magnification
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mens of 11 (28.9%) patients, but severe up-regulation
(3+) was found in 14 (36.8%) patients. Similarly, moderate
up-regulation of HLA-class Il (Fig. 1) was found in 14 of 38
(36.8%) cases, but its severe expression was observed in
4 (10.5%) patients. Infiltrating CD68 (+) cells (Fig. 2) out-
numbered CD3 (+) lymphocytes. The number of CD3 (+)
lymphocytes > 14 cells per mm? was found in 2 of 38
(5.3%) patients. By contrast, the number of CD68 (+)
cells > 14 per mm? was detected in 14 (36.8%) patients.
A total of 12 (31.6%) patients met the criteria for myo-
carditis. Kendall’s tau analysis showed that HLA-class |
expression significantly correlated with HLA-class I
(r=0.7, p < 0.001) and the number of CD68 (+) cells (r =
0.3, p = 0.005). There was no correlation between HLA-
class Il and CD68 and CD3 (+) cells as well as between
CD68 (+) and CD3 (+) cells (Spearman’s rho; r = 0.17,
p = 0.16). Within the total population, subepicardial LGE
was diagnosed in 23 of 38 (60.5%) patients, mostly in
the interventricular septum. No correlation was found be-
tween LGE (Fig. 3) and immunohistochemical markers of
inflammation (Kendall’s tau; r = 0.21, p = 0.09).

Discussion

To the best of our knowledge, this is the first prospec-
tive study on LGE and immunohistochemistry in patients
with HFrEF. The main findings of the present study can be
summarized as follows. Firstly, we demonstrated in pa-
tients with stable HFrEF the histological criteria of myo-
carditis in about 30% of our cohort. Secondly, LGE imaging
revealed myocardial fibrosis in more than half of them.
Furthermore, there was no statistically significant associa-
tion between immunohistochemical markers of inflamma-
tion and LGE.

Myocarditis is a cardiac disease associated with inflam-
mation and injury to the myocardium, but the pathophysio-
logical process is still poorly understood. Standardized im-
munohistological criteria are well defined in the diagnosis
of acute myocarditis [9, 21, 22]. On the other hand, there
are no sensitive diagnostic criteria for the chronic phase

Fig. 2. Typical focal type of the CD3 lymphocyte infiltration (arrows)
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Fig. 3. Magnetic resonance. Short-axis (A) and long-axis (B) demonstrate the presence of typical late gadolinium enhancement in the
subepicardium of the left mid-ventricular lateral wall and the basal septum (arrows)

of myocardial injury. Since chronic intramyocardial inflam-
mation was previously found in patients with HF, it is likely
that systolic heart failure is one of its clinical presentations
[4]. In our study group, the immunohistochemical criteria
of myocarditis were established in 31.6% of the evaluated
patients. However, Lurz et al. found a 48% prevalence of
myocarditis in patients with chronic myocarditis [8]. Mav-
rogeni et al. documented that endomyocardial biopsy using
immunohistological criteria was positive in 48% of patients
with a clinical suspicion of myocarditis and symptoms last-
ing over 14 days [23].

The late enhancement is a consequence of pathologi-
cal intracellular contrast uptake related to the sarcolemmal
rupture that occurs in the presence of cardiomyocyte dam-
age and has been shown to be superior to other modalities
used for the detection of myocardial necrosis [19]. Friedrich
et al. provided recommendations on the use of LGE and
novel approaches, such as time-resolved assessment of
gadolinium wash-out, T1 mapping, T2 mapping, paramet-
ric imaging, and the combination of imaging criteria as
part of the diagnostic process in patients with suspected
myocarditis [13]. The main limitation of LGE is the variable
sensitivity to detect active or chronic myocarditis, depend-
ing on the patient characteristics [15-17, 20]. Our study re-
vealed that LGE was present in 60.5% of patients with
HFrEF, which is slightly higher than in the previous study
in patients with viral myocarditis [24]. Furthermore, studies
concerning the usefulness of CMR in myocarditis had a low
number of patients, and the enrollment started at variable
time points after the clinical onset of the disease. Addition-
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ally, the authors adopted different criteria of myocarditis.
Contrary to previous reports related to patients with acute
myocarditis, we did not reveal a significant relationship
between the presence of LGE and immunohistochemical
markers of inflammation [8, 12]. The most likely explana-
tion of our results is that we studied a population with
long-lasting clinical manifestations of HF, and LGE was re-
lated to the fibrotic areas which develop as a consequence
of myocarditis.

The study is limited due to the small number of enrolled
patients. However, we are of the opinion that our study
reflects a real-world clinical setting. A notable strength is
the direct comparison between LGE and immunohisto-
chemistry. However, biopsy specimens were obtained from
the subendocardial layer and may not represent the areas
involving subepicardial and mesocardial layers typical of fi-
brosis in the course of myocarditis.

Conclusions

The lack of a relationship between LGE imaging and im-
munohistochemical markers of inflammation in patients
with stable HFrEF indicates that LGE might reflect post-
injury necrosis rather than an acute inflammatory process.
Further studies are needed to define the capacity of CMR in
patients with HFrEF.
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